VCG inter-strain pairings showed that 93% of the tested B. cinerea strains were incompatible and only 7% were compatible (Korolev et al., 2008) . Two genetically different groups are known for B. cinerea, which are considered as cryptic species (Fournier et al., 2005) . In the study by Fournier et al. (2005) B. cinerea isolates from group I formed unique single VCG while isolates from group II formed several VCGs. MCGs are used for B. cinerea characterisation and indicate incompatibility or compatibility in B. cinerea, although direct correlation with VCGs has not been found (Fournier et al., 2005; Korolev et al., 2008; Fillinger and Elad, 2016) .
Environmental conditions are one of the most important factors for pathogen development and reproduction (Fillinger and Elad, 2016) . The favourable combination of temperature and humidity greatly influence the spread of the pathogenic fungi, including B. cinerea on strawberry (Valiuðkaitë et al., 2008; Rasiukevièiûtë et al., 2013; Survilienë-Radzevièë et al., 2013; Fillinger and Elad, 2016) . Photoperiod is an important environmental factor for fungi and affects mycelial pigmentation, growth, and development of sexual and asexual morphs (Fillinger and Elad, 2016) . Near UV-light increases B. cinerea sporulation (Fillinger and Elad, 2016) . Martinez et al. (2003) found that B. cinerea development in vitro depends on the host where from isolates are isolated and agar media. Fernandez et al. (2014) showed that growth of B. cinerea from grape was reduced at 4 o C compared with growth at 12 o C and 28 o C.
Growth of B. cinerea on nutrient agar medium can be correlated to an indirect assessment of the colonisation potential of each strain and the ability to spread on the particular host (Fillinger and Elad, 2016) .
Despite the economic importance of grey mould caused by B. cinerea, the variability of the pathogen has not been investigated previously on fruit crops in Lithuania. The aim of the study was to characterise the diversity of B. cinerea isolates originated from strawberry and apple fruits in different growth conditions on various agar media, and to assess their MCGs.
MATERIALS AND METHODS

Isolates.
To evaluate growth variability of B. cinerea, strawberry and apple fruits with grey mould symptoms were collected randomly in 2012-2013 from the experimental fields of the Institute of Horticulture, Lithuanian Research Centre for Agriculture and Forestry (LAMMC) and commercial farms in Lithuania. Pieces of symptomatic plant tissues with diameter 2 cm were sterilised in 1% sodium hypochlorite and placed on potato dextrose agar medium (PDA).
Plates were incubated at 20 o C for seven days and then single-conidial isolates were obtained. Single-spore isolates were selected based on colony morphology and microscopic observations for further molecular identification using PCR and species-specific primers described by Rigotti et al. (2006) . Molecular identification, DNA extraction are described by Rasiukevièiûtë (2016) .
Growth variability and sclerotia development. The growth variability and development of sclerotia were observed for 18 B. cinerea isolates originated from strawberry and apple fruits ( C temperature. The plates were incubated in 24 h dark or light period for 30 days and colony growth, development, appearance (days) and arrangement of sclerotia were recorded. The growth rates were determined by daily measuring the diameter of fungal colonies and counted according to Malama et al. (1985) . The sclerotia formation types at 15 o C temperature were evaluated according to Kumari et al. (2014) . A five-point scale was used to assess sclerotia distribution: A -single sclerotia, hardly visible; B -sclerotia located in the center; C -sclerotia arranged in concentric circles; D -sclerotia located at the margins of Petri dish; E -sclerotia arranged irregularly. Five replicates for each isolate were tested.
Mycelial compatibility. Eighteen isolates of B. cinerea from apple and strawberry (Table 1) were tested for their mycelial compatibility grouping (MCG's). The isolates were grown on malt extract agar (MEA) + NaCl (40 g/liter) according to Beever and Parkes (2003) . For MCGs determination six isolates were paired in all possible combinations on a single Petri dish according to template suggested by Burgess et al. (2009) . The plates were incubated for two weeks at 22 ± o C temperature in the dark. The compatibility or incompatibility was evaluated observing the interaction zone between paired isolates. Isolates that formed an inhibition zone, dark pigmentation or barrage were considered incompatible and as compatible those that overgrow without any reactions of mycelium. Each isolate was scored at least in two replicates, and self-pairings of the isolates were included as controls in all experiments.
Statistical analysis. The data were analysed with ANOVA module of STATISTICA 7.0 software. Standard error (SE) marked in the figures as an error bar was estimated for growth rates of the isolates and sclerotia development.
RESULTS
Molecular identification.
The B. cinerea isolates (Table 1) used in this study were molecularly confirmed by specific primers. Isolates were analysed using polymerase chain reaction (PCR). The Botrytis spp. isolates were identified as B. cinerea (Rasiukevièiûtë, 2016) .
Growth variability and sclerotia development. Morphological differences among the isolates on six agar media were evaluated after 4, 8, and 11 days of incubation. The isolates from apple and strawberry showed different mycelial growth rates measured as radial growth on various media. Colonies of B. cinerea isolates changed colour from white to grey with age. Distribution of sclerotia varied among the isolates originated from both hosts (Fig. 1) . Black, fully developed sclerotia appeared after 6-7 days at 20°C, regardless of host species of the isolates (Fig. 2) . The best conditions for sclerotia formation was on BUA medium, incubation in the dark and 20°C. The slowest formation of sclerotia was at 10°C for the isolates from both hosts, independent of light or agar media. After 11 days of incubation, the isolates were classified into four types (Fig.  2) . For 42% of the isolates (mostly originated from strawberry), sclerotia were hardly visible or single. Sclerotia were arranged irregularly in 25% of the isolates from apple, followed by hardly visible for 25% of the isolates from strawberry. The development of mycelia and sclerotia on BUA and PDA media was significantly higher compared with LA, CDA, and PCA media in the dark. The colonies of isolates from strawberry and apple on LA, CDA, and PCA in the dark grew slower than on another media, and the mycelium was thinner.
The temperature, incubation at light or dark, and medium influenced cultural and morphological characteristics of B. cinerea originated from both hosts (Fig. 3 ) According to our analysis the average growth rate of B. cinerea on agar media depended on the host, temperature, and incubation in light or dark (Fig. 3) . However, isolates from both hosts grew slowest at 10°C regardless of incubation at light or dark and agar media. Colonies of isolates from strawberry were still not visible on CDA after incubation at 10 o C for four days. The highest average colony growth rate of isolates from strawberry was on PDA, BUA, and PA followed by LA and PCA after eight days of incubation at 15 o C. A similar trend of average colony growth was observed for isolates from apple. For the isolates from apple, the highest colony growth rate was observed on PDA, followed by BUA after four days of incubation in the dark at 20°C. For strawberry isolates the largest colony diameter was on PDA (dark) followed by PA, BUA, and LA after eight days at 15°C. Substantial differences for growth at different temperatures were noted between isolates from different hosts.
The average radial growth of B. cinerea strains isolated from apple was maximum on PDA (dark) and BUA (dark and light) at 20°C, but for isolates from strawberry maximal growth was on PDA, BUA (dark and light), and PA (light) at 15°C.
Mycelial compatibility. The mycelial compatibility tests among 18 isolates showed two types of reaction for the tested strains. Formation of a barrage and dark pigmentation of the mycelium at the contact zones indicated an incompatible interaction between the isolates, Overgrowing of the colonies without any reaction of mycelium was a characteristic of compatible strains (Figs. 4, 5) . The most frequent (76%) reaction within the tested population was no formation of barrages (Fig. 5) . The pairings revealed that 84% and 85% of the combinations tested among isolates from strawberry and apple, respectively, were compatible. Between isolates from strawberry and apple compatible were only 65% of the tested combinations. The formation of barrages was mostly among the isolates originating from different hosts, locations and obtained in different years (Table  1 , Fig. 5 ). 
DISCUSSION
To obtain insight into the variability of B. cinerea populations on horticultural crops in Lithuania, isolates from apple and strawberry were studied. Phenotypic characteristics that could be related to the diversity and ability of the pathogen to spread and infect plant tissues, such as sclerotia production, mycelial growth rate, and various nutrient media, and mycelial compatibility, were assessed.
In this study, we found that B. cinerea isolates from different hosts have different phenotypic characteristics. Differences in the growth rate on various agar media and sclerotia formation were noted between isolates originated from strawberry and apple. The range of favourable temperatures for B. cinerea strains from strawberry was between 10-15°C , compared to 15-20°C for isolates from apple. According to colony morphology on PDA medium, strains were sorted into eight groups as described by Martinez et al. (2003) . For isolates from apple the optimal mycelial growth was at 20°C and for strawberry isolates at 15°C. Our findings contrasted with the study by Fernandez et al. (2014) , who reported that for B. cinerea strains from apple optimal mycelial growth was at 12°C and the slowest growth was at 4°C. Sehajpal and Singh (2014) found that 20°C was optimal for mycelial growth of B. gladiolorum. The pathogen growth on agar media can be correlated with colonisation potential of each strain and the ability of the pathogen to spread on a host (Fernandez et al., 2014) . The temperature influences the ability of the pathogen to spread (Kumari et al., 2014; Fillinger and Elad, 2016) . The growth of B. cinerea in vitro on agar media is significantly influenced by concentration of ammonium nitrate in the medium (Lecompte et al., 2010) . Formation of sclerotia can be related to spread pathways of the pathogen. Our study revealed that isolates from strawberry and apple form sclerotia differently on the tested media. Kumari et al. (2014) showed that 30 strains among 79 studied isolates did not form sclerotia, confirming great diversity of B. cinerea. Martínez et al. (2003) found that temperature has an effect on sclerotia formation of B. cinerea. In this study, we found that sclerotia formation increased at 20°C in the dark, regardless of the host of isolates and optimal agar medium for sclerotia formation was BUA, confirming the previous findings.
The vegetative compatibility or incompatibility reactions show the genetic differences, structure, dynamics between the fungal individuals and gene-to-gene interactions (Fillinger and Elad, 2016) . Although direct correlation between VCGs and MCGs has not been demonstrated in B. cinerea, MCG can reveal the potential genetic diversity in the particular population of the pathogen (Fillinger and Elad, 2016) . In general, VCGs and MCGs in B. cinerea populations are not sufficiently studied (Korolev et al., 2008; Burgess et al., 2009; Fernandez et al., 2014; Kumari et al., 2014; Fillinger and Elad, 2016) . Korolev et al. (2008) found that interstrain incompatibility was widespread among tested B. cinerea strains and the dark pigmentation zone along the line of confrontation was observed in 36% of the tested combinations of strains. In this study, mycelial compatibility and incompatibility among B. cinerea isolates from strawberry and apple in Lithuania were analysed for the first time. Among the analysed isolates, the most frequent were compatible strains (76%). Papaioannou and Typas (2015) found that about 75% of Verticillium dahliae isolates were incompatible. Burgess et al. (2001) in studies of vegetative compatibility in Sphaeropsis sapinea revealed that barrage formation indicating incompatibility occurred between strains originating from different locations. Similarly, in our study on the phenotypic diversity of B. cinerea isolates, incompatible isolates originated either from different sites, hosts or were isolated in different years. Our findings revealed that the studied B. cinerea isolates from strawberry and apple are variable and incompatible isolates exist in the studied group of the isolates; they differ in their requirements to growth media, temperature, and light, and these differences are related to the host where from they originated.
